Abstract -Optimum stepped transformers from rectangular wavegnide to ridged and all-ruetat finned waveguides are designed with the method of field expansion into eigenmodes, which inclirdes bigher order mode interaction between the step discontinuities.
where the submatrices are given in the Appendix. The modal scattering matrix (SR) of the combined structure step discontinuity to ridged or finned waveguide, homogeneous ridged or finned waveguide section of finite length f, and step discontinuity back to waveguide (cf. Fig. 2 
"=1
is minimized with respect to the parameter vector (Z) = (sl, s', S3, . " " ; 1~,1',13, " " .)! Here,~U are the frequency sample points within the desired passband, and S1lD and S1l are the desired and calculated reflection coefficients, respectively, in decibels. The number V of frequency sample points was chosen to be equal to about 20. For given waveguide housing dimensions a and b, thickness t of the metal fins, slot width s~. of the finned waveguide, and number NT of transformer sections, the parameters X to be optimized are the slotwidth Si and the length li of the i th transformer section (cf. Table I ). The advantages of the applied evolution strategy method (Fig.3)  ----------------------------------------------- (Fig.4 
) -------------------------------------------------
----- [34] , by increasing the number of "localized" modes while reducing the interacting modes, has no significant effect on the optimization CPU time, which is influenced mainly by the number of necessary iterations and not so much by the run time of the single calculation step.
5) ---______________________ -----------------------------
In the optimization process, eight symmetrical TE modes together with only one TM mode provide sufficient convergence behavior, which is due to the minor influence of higher order TM modes at usual .&plane integrated circuit discontinuities.
Neglecting this TM mode, however, yields frequency shifts of the return loss curve up to about 5 Table I. mm. Waveguide dimensions in mm; for transformer dimensions, see Table I. percent. The final design data are verified by considering 12 TE and seven TM modes in each transformer section. ple, achieve minimum return losses of about 36 dB or 34 0 dB, for the whole Ku-band (Fig. 4) or E-band (Fig. 5) GHz, R740 waveguide: 3.099 mm x 1.549 mm) finned waveguide transformers are given in Table I . As has been proved by calculations using the exact method described, the design data are transferable into other common waveguide bands by suitable frequency scaling relations which should include the metal fin thicknesses. MTT-35, NO. 6, JUNE 1987 and truncation of the infinite series in (A4), (A5 o Diag {exp ( -jk,~kl)} . [19] (A13) R. Sorrentino and T. Itoh, "Transverse resonance anafysis of finline discontinuities," IEEE Trans. Microwave Theory Tech., vol. MTT-32, pp. 1633 -1638 , Dec. 1984 . C. Schieblich, J. K. Piotrowski, and J. H. Hinken, "Synthesis of optimum finline tapers using dispersion formulas for arbitrary slot widths and locations~' IEEE Trans. Microwave Theory Tech., vol. MT"I '-32, pp. 1638 '-32, pp. -1645 '-32, pp. , Dec. 1984 . C. J. Verver and W. J. R. Hoefer, "Quarter-wave matching of waveguide-to-finline transitions," IEEE Trans. Microwave Theory Tech., vol. MTT-32, pp. 1645 -1648 , Dec. 1984 
